GaN layers grown on ceramics, sapphire or SiC substrates using reactive ion płating method are presented. In reactive ion plating method gallium from a hot source reacts on a heated substrate with nitrogen partially ionized. Rutherford backscattering technique was applied to check the composition of the samples and gallium to nitrogen ratio was found to be close to one. However, Rutherford backscattering studies showed also a remarkable amount of unintentional impurities present in the layers. The structure of GaN was determined using reflection high-energy electron diffraction. It appeared that polycrystal and monocrystal can be grown, depending on growth conditions. Absorption spectra taken on the layers grown on sapphire showed a tail of band to band absorption starting at about 370 nm. Carrier concentration was of the order of 10 19 -1020 cm-3 at room temperature and did not change much with temperature decrease. No luminescence from the layers was detected, most probably due to high concentratioii of impurities.
Introduction
In the last few years one can observe an increasing interest in wide-gap semiconduction such as diamond, silicon carbide and nitrides. Gallium nitride, one of these compounds, has many features that make it promising material for future electronic and optoelectronic applications. The most important features are: direct band gap of 3.4 eV, complete solubility in aluminum nitride and indium nitride and stability at high temperatures -up to 450oC. GaN-based optoelectronic devices are expected to be much more efficient than those made of SiC or diamond, since the last two semiconduction have indirect energy gap. Moreover, it is possible to both increase and decrease GaN band gap by dissolving certain amounts of aluminum-or indium nitride. GaN is already used to produce a commercial blue LED and it is expected that in close future nitrides will dominate short wavelength optoelectronic device market and will be used in blue and ultraviolet detectors, LEDs and laser diodes.
Typical ways to obtain GaN films are metal-organic chemical vapor deposition (MOCVD) and plasma-assisted molecular beam epitaxy (MBE) techniques [1, 2] . Reactive ion plating (RIP) method although much older than the two others mentioned above is not as popular. In RIP method gallium from a hot source reacts with partially ionized nitrogen on a heated substrate. This relatively simple technique has some advantages. First of all, the costs of equipment and processes are low -one does not need ultrahigh vacuum like in MBE or expensive chemicals as in MOCVD. Secondly, the growth rate is much higher than in MBE. The third advantage is connected with the main problem of GaN film technology at the moment which is a need of good substrate. Therefore two types are used: silicon carbide or sapphire. Sapphire has the lattice mismatch of about 14% and SiCmuch less of about 3.4%. Very important advantage of RIP is the possibility of growth of GaN layers on SiC. All MOCVD films are grown on sapphire, because on the surface of SiC in the presence of nitrogen Si 3N4 compound is produced. At present homoepitaxy is practically not possible since GaN crystals are extremely hard to grow and their maximum size does not exceed a few millimeters.
GaN deposition
The growth of GaN layers was performed at Crystal Growth Laboratory, Warsaw University. The scheme of the applied growth system is presented in Fig. 1 . Deposition took place in a vacuum chamber which was pumped down to 3 x 10 -5 torr and then filled with Ν2 gas up to 5 x 10 -3 torr. GaN was deposited on different types of substrates. Typically each process was performed with three types: SiC, Al 2 O3 and ceramics (the dimensions were about 5 x 5 mm). The substrates were etched in boiling HF for 20 minutes and then rinsed in deionized water. Then they were mounted on a holder, which was heated by a halogen lamp to temperatures not higher than 8000C. The temperature of the substrate was critical for the process, as the reaction between gallium and nitrogen took place only on the surface [3] . Metallic gallium was placed in a BN cucible of 10 mm diameter. The cucible was heated up to 1500°C. This lead to gallium transport towards the substrate in atmosphere of ionized nitrogen.
The cucial thing in the applied growth method was to get nitrogen gas ionized. Only ionized nitrogen could react with gallium. Electromagnetic field of 13.56 MHz frequency (radio frequency -RF) induced in aluminum coil ( ≈ 6 cm diameter) connected to a RF generator was used for this purpose. The coil was mounted in such a way that gallium coming from BN cucible went through it. Stabilization of proper nitrogen plasma pressure was the main problem in the setup. The pressure of nitrogen inside the chamber had to be above 2 x 10 -3 torr, otherwise no plasma occurs. On the other hand, it had to be kept as low as possible to minimize contamination. Therefore, very precise control of Ν2 pressure was required. In the setup used the control of nitrogen plasma pressure was not good enough to obtain layers of reproducible properties. The other problem was that ionized nitrogen reacted not only with gallium but with everything inside the chamber. Therefore at present we are redesigning the chamber with better pressure control system and screens to reduce contamination caused by these reactions.
Layer properties
In RIP method the following parameters were important for the properties of the grown GaN layers: nitrogen pressure, substrate and gallium source temperatures, voltage and distance between gallium source and substrate, power of RF generator and time of deposition. Depending on the conditions we were able to grow thin or thick layers, monocrystals, polycrystals or amorphous GaN.
Rutherford backscattering (RBS) was applied to check the composition of the layers. By this method the exact sample thickness could also be measured. For the grown layers gallium to nitrogen ratio close to one was obtained (Fig. 2a) . However, RBS indicated also presence of high concentration of unintentional impurities, like Mn or Ta.
Further evidence that GaN film was grown was coming from the optical absorption experiments. In Fig. 2b a typical absorption spectrum of GaN grown on sapphire is shown. The measurements were done using two-beam spectrophotometer CARP 5. In comparison with GaN absorption spectra published by others [4] the absorption edge is not as sharp but its energy position is very similar.
Reflection high-energy electron diffraction (RHEED) was used to study structural properties of the layers. In Fig. 3 different pictures of RHEED patterns coming from: SiC monocrystals (substrate), GaN/SiC polycrystal, GaN/SiC polycrystal with texture and GaN/SiC monocrystal are presented. As seen from Fig. 3 the wurtzite-type structure of GaN gave different image than the surface of 6H-SiC. Typical images of wurtzite structure were observed both from mono and polycrystals. It was found that monocrystal layers could be obtained in substrate temperature range of 620°C to 730°C and for Ν2 pressure in the range of lx 10 -3 torr to 8 x 10 -3 torr.
The Hall effect was measured on the grown GaN films with four indium contacts. Very low mobility (of the order of 2 cm 2 /Vs) and high carrier concentration (10ί 9 -10 2 0 cm -3 ) were found. These values were similar to some reported in literature [5] , although layers with higher mobilities could be also obtained by MBE or MOCVD methods.
No photoluminescence from the layers was detected.
Résumé
Ιn this paper we showed that RIP can be used to obtain GaN films of different stucture: from amorphous to monocrystals. The properties of these are not satisfying yet for optoelectronic application since no photoluminescence was observed, most probably because of high concentration of unintentional impurities. The improvement of layer properties can be expected when our new deposition setup, which will give higher purity of the layers, better control of process parameters and good stability of growth conditions will be used.
